INTRODUCTION
Infection or contamination of implantable cardiac electronic device (ICEDs) due to skin erosion is difficult to treat with antibiotics alone. The classic recommendation for the treatment of infected ICEDs is complete removal of the infected ICED and reinsertion at a new site. To date, explantation of the entire device-including patches, leads, and generators-and transpositioning it to a new pocket has been considered the safest treatment method for infected ICEDs [1, 2] .
However, explantation of the entire device has been shown to cause serious complications, such as myocardiac tissue damage, cardiac valve injuries, subclavian vein perforation, cardiac tamponade, and even death. These complications are due to the inflammatory response and tissue ingrowth of the patches into the soft tissue, vessels, and myocardium [3, 4] .
Numerous reports of successful treatment have been documented in which exposed ICEDs were salvaged in an attempt to reduce fatal complications. Treatment with atrioventricular (AV) lead preservation and placement of a new generator unit has been considered [5] . The use of only local debridement and closed irrigation systems with antibiotics has been associated with superior long-term results [6, 7] . Additionally, other options, including the use of a closed irrigation system when relocating the pacemaker under the pectoralis major muscle, have also been documented [6] .
Although these methods have shown good results, they are still associated with tissue or vessel damage, and the procedures were performed under general anesthesia.
In this study, we introduce our experience with a simplified salvage technique for exposed ICEDs performed under local anesthesia. In this technique, the device is not removed, in an attempt to reduce the risks and complication rates associated with exposed ICEDs.
METHODS
This study was performed as a retrospective review of 10 patients treated for locally infected or extruded ICEDs over a period of 48 months, from January 2012 to December 2015 (Fig. 1) . The inclusion criterion was the presence of only local symptoms at the exposed ICED site. In all cases, microbiological cultures were taken from the wound, and parenteral antibiotics, to which the organisms were sensitive, were started immediately postoperatively and were continued for 14 days. Patients with a diagnosis of systemic sepsis or septicemia, septic shock, or overt infective endocarditis, or with a history of vegetation on echocardiography or infective endocarditis, were excluded from this study.
Surgical procedure
Under local anesthesia, a preoperative design was made at least 1.0-1.5 cm inferior to its original position (Fig. 2) . Povidone-iodine skin preparation was carried out. The skin surrounding the site of the generator exposure was excised, extending to allow the temporary removal of the generator device and leads. All thinned skin surrounding the exposure site was also excised along with the primary excision. Careful temporary removal of the generator device from the pocket without disconnection of the leads was performed, followed by gently untwisting the unburied part of the leads (Fig. 3) . A swab culture from the pocket was obtained intraoperatively. A total capsulectomy was then performed. With a combination of Metzenbaum scissors, electrocautery, and a No. 11 blade, the entire periprosthetic fibrous capsule that had been in intimate contact with the implanted generator device was completely removed. Furthermore, the capsule surrounding the lead A defibrillator was exposed with mild capsular contracture and skin erosion 1.6 years after insertion. An erythematous skin lesion with mild tenderness around the wound was also noted.
Fig. 1. A case of defibrillator exposure
The preoperative design was made at least 1.0-1.5 cm inferior to its original position, including the unhealthy, thinned skin to be excised. ICED, implantable cardiac electronic device.
Fig. 2. Preoperative design around the exposed ICED
system was removed to its most proximal point in the region immediately preceding the entry of the leads into the subclavian vein. All purulent materials were then copiously irrigated from the wound with povidone-iodine solution and wrapped within sterile povidone-iodine-soaked gauze. The generator device and the leads were scrubbed with povidone-iodine solution (Fig. 4) . Pocket irrigation was carried out with an antibiotic solution (cephazolin, gentamicin, and bacitracin).
To create a new pocket, careful dissection was performed to the level of the prepectoral fascia from the inferior aspect of the preexisting pocket, maintaining the previous layer with bipolar electrocautery. If necessary, gentle manual dissection was also performed. At this time, in order to advance the generator to the new pocket, the lead was carefully released with Metzenbaum scissors from the surrounding granular tissue on the posterior surface of the previous pocket.
The generator was then placed into the new pocket. After confirming that the generator and leads were properly replaced, the devices were thoroughly irrigated with povidone-iodine solution. Hemostasis was obtained using electrocautery. Careful examination was taken to secure that the leads were smoothly placed around the generator without kinking or twisting. The subcutaneous layer was closed without tension, using interrupted Vicryl 4-0 sutures. The drains were sutured securely to the skin, which was closed with nylon 5-0 sutures. Closed-suction drainage was inserted, and the leads were repositioned to minimize skin irritation. The soft tissues were closed layer by layer after moderate dissection to minimize tension (Fig. 5) . Compressive dressing was done to reduce skin tension and hematoma formation.
RESULTS
Seven patients had cardiac pacemakers, while the other 3 had implantable cardiac defibrillators. Six patients were male and 4 were female, and their age ranged from 39 to 78 years (mean age, 60 years). The time from primary ICED placement to exposure ranged from 0.3 to 151 months (mean, 29 months). Maintenance of drainage ranged from 4 to 10 days (mean, 6.6 days), and postoperative follow-up in this series ranged from 8 to 31 months (mean follow-up, 22 months). All patients had Careful temporary removal of the generator device from the pocket was performed, followed by gently untwisting the unburied part of the leads. After untwisting the unburied part of the leads, careful dissection and debridement of the entire fibrous capsule and all unhealthy granulation tissue surrounding the ICED were performed with Metzenbaum scissors. ICED, implantable cardiac electronic device.
Fig. 3. Temporary generator removal without lead disconnection
After exposure of the device and the leads, scrubbing and irrigation with povidone-iodine were performed. ICED, implantable cardiac electronic device.
Fig. 4. Management before replacing the ICED
Soft tissues were closed layer by layer after moderate dissection, minimizing the tension with closed-suction drainage insertion. (Table 1) . Five patients received intravenous first-generation cephalosporin for 14 days, 3 patients received third-generation cephalosporin for 14 days, and 2 patients received vancomycin perioperatively and for 14 days postoperatively. Among the 10 patients, none showed any postoperative signs of overt infection or cutaneous lesions, including granulomatous scar abnormalities. However, 1 patient developed a hematoma on postoperative day 5. The hematoma was successfully treated by surgical removal and repositioning of the closed-suction drainage. None of the patients developed any signs of implant exposure or impending rupture. None required surgical explantation of the system.
DISCUSSION
Infection, erosion, and exposure of ICEDs are severe complications. Traditional surgical treatments of infected and exposed ICEDs have involved the explantation of the entire system, including the generator, all leads, and patches, followed by the replacement of a new device system to a new noninfected site [8] . Although this method has been proven to result in the complete resolution of infected ICEDs, major complications, including superior vena cava perforation, right ventricular perforation, cardiac valvular injury, cardiac tamponade, and sudden death, have been well documented during explantation, with complication rates ranging from 2.4% to 17% [3, 9, 10] .
For this reason, salvage of an infected or exposed ICED often becomes necessary. In 1995, Foster [11] reported successful subpectoral replacement with a lateral axillary approach. Jensen [12] reported a case of subpectoral implantable generator relocation from an abdominal pocket using an axillary tunneling technique. In 2010, Al-Bataineh et al. [13] reported a lateral axillary approach to the subpectoral plane in patients with ipsilateral prepectoral infection and limited venous access. No recurrence of infection was observed, with only 1 hematoma and 1 pneumothorax in the 16 patients who were treated. More recently, in 2012, Knepp et al. [14] described repositioning devices under the pectoralis muscle using an anterior muscle-splitting approach under intravenous sedation with local anesthesia. Although many authors have described success with ICED replacements using subpectoral placement, a considerable number of patients who have previously undergone ICED insertion tend to be reluctant to undergo general anesthesia, and suffer from pain at the moment of subpectoral dissection or muscle-splitting even under local anesthesia with a long-lasting operation.
Therefore, to solve these problems, the author struggled to find a simpler way to salvage the entire ICED under local anesthesia. Meanwhile, the primary placement of cardiac devices in the subcutaneous versus subpectoral space was compared [15] . No significant differences in complication rates were found. The placement of devices into the subcutaneous space, currently adopted by most electrophysiology laboratories, allows a shorter procedural time and requires less demanding technical maneuvers.
Conservative management is not a novel concept. Efforts have been made to reduce the potential risks associated with explantation and new replacement of all devices. Taylor et al. [16] described the treatment of infected pacemakers with revision and placement of a continuous irrigation system. Hurst et al. [6] described similar treatments, with the use of closed antibiotic irrigation for lead preservation. Lee et al. [17] described the treatment of infected device pockets with revision followed by the placement of a continuous irrigation system and closed antibiotic irrigation, with successful outcomes. However, these approaches do not move the device into a sterile tissue plane, meaning that the long-term sterility after discontinuation of the antibiotic irrigation systems is questionable. None  4  8  2  Male  78  151  Pacemaker  None  10  31  3  Female  59  26  Pacemaker  None  8  32  4  Male  62  20  Defibrillator  MRSA  8  24  5  Male  63  8  Pacemaker  None  7  30  6  Female  57  11  Pacemaker  MRSA  9  12  7  Female  69  15  Defibrillator  None  5  22  8  Female  47  20  Pacemaker  None  5  21  9 Male 65 Kolker et al. [5] presented an 83% successful salvage rate with debridement, capsulectomy, and local rhomboid skin flap coverage. This procedure involved the placement of a generator with preservation of the AV leads, but carried the risk of additional donor site morbidity due to adjacent tissue being harvested and rotated into the primary defect. In our series, we performed debridement and meticulous capsulectomy of unviable infected tissue not only surrounding the generator and the leads, but also surrounding the entry into the subclavian vein as much as possible. Therefore, we were able to achieve a high success rate with salvage of both the generator and the AV leads. Yamada et al. [18] presented the successful salvage of AV lead systems in 17 of 18 patients, using surgical lead-preserving procedures to place a new generator with a new incision made just below the ipsilateral clavicle. This procedure still had the risks involved in placement of a new generator. Baddour et al. [19] have suggested an algorithm for treating patients with infected exposed ICEDs who have negative blood cultures with the removal of the entire device. A success rate of 74% with pocket debridement, lead preservation, and creation of a new ipsilateral subcutaneous pocket in patients with negative wound cultures was noted by Griffith et al. [20] . However, these strategies were confined to patients with negative wound cultures, and replacement was performed under general anesthesia. Har-Shai et al. [21] reported a subcapsular relocation technique for the generator and lead systems. While this may be an effective salvage method, the potential of infection with the remnant capsule still exists, meaning that long-term sterility is not guaranteed ( Table 2) .
In our series, we successfully treated 90% of our patients (9 of 10) with local infection, skin erosion, or exposure of an ICED under local anesthesia. The technique that we propose involves the complete removal of the preexisting capsule, theoretically decreasing the nidus for persistent infection. The pocket change reintroduces the indwelling lead system and a generator device to a pristine and well-vascularized pocket. Closed-suction drainage minimizes the potential for periprosthetic fluid or blood collection. Among the 10 patients, only 1 patient developed hematoma in the early postoperative period, which was successfully treated by surgical removal of the hematoma and repositioning of the closed-suction drainage.
The basis for this approach is the determination that the infection is localized and confined to the ICED pocket. It should be reiterated that no patient in the current series had signs suggestive of systemic infection; none were febrile, none had leukocytosis, and no positive blood cultures were found.
If severe infectious conditions such as endocarditis are suspected in such patients, transesophageal echocardiography is recommended for a valvular evaluation prior to any lead-sparing procedures [19] . Furthermore, we believe that complete explan- On the basis of our experience, we conclude that salvaging exposed ICEDs is possible without removing the devices in selected patients under local anesthesia. Furthermore, this may be an alternative method leading to less morbidity than the removal of the entire device. However, the decision to proceed with this simplified method must be predicated upon proof that no systemic infection is present.
